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ABSTRACT
Eastman Kodak Company will begin production of photographic sensitized goods in
China in 1998. The purpose of this study was to examine the transportation
infrastructure of the country and to estimate whether the distribution environment
was likely to be more severe than those previously tested. The study used work
previously done by Kodak to examine the magnitude and frequency of package
drops in three other countries. While not performing the same instrumented
analysis previously undertaken, this study laid the foundation for those types of
tests by examining the geography, infrastructure, vehicles and handling cycle used
to distribute products in China. The results of this examination suggest that the
distribution environment in China will likely to be more severe than those previously
tested. Based on this study, packaging used for sensitized photographic products
produced in China will have more cushioning and be made of stronger materials
than packages for the same products used in other countries.
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Table 1 . Rolls Of Color Film Used Per Year
Country Number Of Rolls Total Rolls of Color
Of Color Film Used Film
Per Person Each Year Sold per year
US 3.5 710 million
Japan 3.2 422 million
China .1 200 million
Source: Eastman Kodak Company, Kodak News
Currently any sensitized products that Kodak markets in China must be
manufactured at an existing Kodak plant elsewhere in the world. These
products are shipped to Hong Kong where they are sold to importers who are
responsible for supplying the product to Kodak's distributors throughout China.
The Chinese government controls entry through its borders and many times the
importation of foreign-made products is halted or slowed in order to give
preference to products produced domestically. Import duties on goods brought
from other countries that are produced by state-owned enterprises can be nearly
100 percent of their actual value. Kodak felt it was necessary to manufacture its
key products inside China.
KODAK'S PRESENT INVOLVEMENT IN CHINA
On March 23, 1998, after more than two years of negotiations, Kodak announced
an agreement with the Peoples' Republic of China. This agreement will allow
Kodak to manufacture photographic film, paper and chemicals and greatly expand
its marketing capabilities in China. Kodak acquired several Chinese government
owned photographic manufacturing companies. Xiamen Fuda Photographic
Materials Company Ltd. and Shantou Era Photo Materials Company Ltd. transferred
their primary business assets to Kodak (China) Company Limited (KCCL). A third
Chinese enterprise, Wuxi Aermei Film and Chemical Corp. has become Kodak
(Wuxi) Company Limited (KWCL). Kodak will invest more than US$1 billion in
China to upgrade the technology and improve the manufacturing capability of those
companies. The new companies will also expand their distribution and marketing
capability in order to support the expected growth of the photographic industry.
Figure 1 is a map of China that indicates the location of Kodak's operations in
China.
Figure 1 . Map of Kodak Operations in China
Kodak GreaterChina Region,
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PURPOSE OF THE STUDY
Over the past five years, Kodak has made extensive evaluations of several of its
distribution networks. Less-than-truckload and small parcel shipment in the
United States, Europe and Australia have been analyzed using an electronic
data measuring and recording device to gather information about shock,
vibration, temperature and humidity. The SAVER made by Lansmont
Corporation was used as an in-package-measuring device on all three
continents. The results of these tests are reported in a thesis authored by
Donald J. Appleton2 and in various reports and presentations by Stephen R.
Pierce of Eastman Kodak Company's Package Engineering and Graphics
Design department. Conclusions drawn from these studies indicate that the
method by which a package is shipped has a strong influence on both the drop
height and frequency of drops to which a package will be
subjected.3 These
events in turn have an affect on the type and degree of damage a product will
sustain. At Kodak, package-handling tests are designed to evaluate a
package's potential for protecting a product through its distribution cycle. These
tests are based on a basic knowledge of the various steps in the cycle and the
levels of shock and vibration generated in each step. The tests described in Mr.
Appleton's thesis are based on that basic knowledge of a product's handling
cycle and an estimation ofwhich portions of the cycle are most likely to generate
damage.
2 Donald J. Appleton, "A Study of Package Drops in a Global Distribution
Environment" (M.S. thesis, Rochester Institute of
Technology, 1997), p. 17
This study will examine the present modes of transportation and distribution of
commercial goods in China and assess their potential impact on the Kodak
products that will be manufactured and shipped within China. It will also serve as a
basis for developing a profile of the package handling cycle and will describe the
various modes of transportation that are likely to be used. When Kodak begins
production in China, shipping tests similar to the ones previously conducted will be
done to measure and analyze the distribution environment in China.
STUDY METHODOLOGY
The current situation and future development of the distribution infrastructure in
China including railroads, highways, waterways and air transport will be examined.
By using pictures and descriptions, the various modes of transportation used within
the distribution infrastructure will be presented. A comparison of cost, time and
other elements that affect a decision on what mode of transportation should be
chosen for a shipment will be examined. Finally, an estimation of the product
handling cycle and its impact on the product and package will be developed based
on the ultimate destination of the product.
' Donald J. Appleton, p. 41
Hypothesis
The distribution cycle in China will be substantially different from those previously
studied by Kodak and the potential for product damage will be greater.
Null Hypothesis
The distribution cycle in China will be similar to those studied previously by
Kodak and the potential for product damage will be similar.
2.0 GEOGRAPHY AND POPULATION DISTRIBUTION OF CHINA
Understanding the distribution infrastructure of a country requires some
understanding of its geography and the location of its population centers
GEOGRAPHY
"China is the world's third largest country by area (after Russia and Canada) and
the largest by
population."4 The total area of China is about 9.5 million square
kilometers (about 3.7 million square miles) which makes it slightly larger than the
United States. The country is bounded on the north by Russia and the
Mongolian Republic, North Korea on the northeast and the Yellow Sea and the
East China Sea on the east. The southern border touches the South China Sea,
Vietnam, Laos, Burma, India, Bhutan and Nepal. To the west lie Pakistan,
Afghanistan and Tajikistan and to the northwest lie Kyrgyzstan and Kazakhstan
(Figure 2).5 The country can be divided into six major geographic regions.
4 Encarta On Line "The People's Republic of China", p 1, available at http://www.einkaren.yehuda.k12.il/bekarov/encart.htm I
5 USA Immigration Software, "China:
Geography"
available at http://www.theodora.com/wfb/china_geography.html;
Figure 2. Map of China
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Source: CCAI, "Maps of China", June 1998, available at http://www.sni.net/ccai/china_maps.html
Northwest
This area consists of the Dzungarian Basin on the north and the Tarmin Basin
on the south, and contains the Takla Makan, the driest desert in Asia with sand
dunes that stand as high as 100 meters (330 feet). The Tien Shan is a
mountainous region that is bordered by the Turfan Depression, the largest area
in China that is below sea level. The Dzungarian basin contains some areas of
sandy and stony desert as well as fertile steppe soils, which support irrigated
agriculture.6
Mongolian Border
In north central China, this plateau region consists mainly of sand, stone and
gravel deserts that rise toward the east to become steppe lands with fertile soils.
Several barren flat-topped mountain ranges are interspersed with flat or rolling
plains. The eastern border is the forested Greater Khingan Range7
Northeast Region
The region encompasses all ofManchuria east of the Greater Khingan Range
and incorporates the Manchurian Plain and its bordering uplands that are large
tracts of productive soils. The uplands are hilly with many broad valleys and
gentle slopes. The Liaodong Peninsula to the south has many natural
harbors.8
6 Encarta Online, p.2
7 Encarta Online, p. 2
8 Encarta Online, p.2
10
North Region
This area lies between the Mongolian Borderlands to the north and the Yangtze
River Basin to the south. The soil of the Loess Plateau in the northwest portion
of the region primarily consists of loess, a fine, windblown silt. Erosion of the
loosely packed loess forms gullies and steep walled valleys. Loess is fertile soil
and much of the area is terraced for cultivation. The North China Plain is a
large, flat, fertile lowland area that is intensely cultivated. The Shandong
Highlands to the east of the Shandong Peninsula is made up of two distinct
mountain regions bordered by rolling hills. The coast of the Shandong peninsula
is rocky, but provides several good natural harbors. The southwest part of this
region contains the formidable Central Mountains, which form a natural barrier to
north-south
movement.9
South Region
Included in the area are the Yangtze Valley and several diverse regions to the
south. The Yangtze Valley is fertile alluvial lowland consisting of a series of
basins. It is crossed by natural and man-made waterways and contains many
lakes. The Sichuan Basin to the west borders on the Central Highlands. It is a
hilly, relatively isolated area known for its terraced farming. The eastern portion
of the region is a highland area that ranges from the Tibetan Plateau east to the
sea. The Yunnan-Guizhou Plateau on the west is deeply eroded with a series of
mountain ranges and deep gorges. The scenic area of eastern Guizhou is
dominated by tall limestone pinnacles. The eastern portion is made up of the
11
deforested and severely eroded Nan Ling hills and the rugged coastline of the
Southeastern Highlands. The Southeastern Highlands' many bays and offshore
islands provide good harbors. South of the Nan Ling hills is the Xi Jian Basin.
This is a hilly, fertile area with numerous streams and flat alluvial valleys. This is
the location of the broad delta plain of the Zhu Jiang (Pearl River).10
Tibetan Plateau
The world's highest plateau region is located in the southwestern corner of
China. It is a high mountainous area with an average elevation of 4510 meters
(14,800 feet). The Himalayan range is to the south, the Pamirs and Karakorum
Ranges are to the west and the Kunlun Shan and Qilian Shan are to the north.
The Tibetan Plateau has many saltwater lakes and marshes and is the
headwaters of many of the major rivers in south east Asia including the Indus,
Ganges, Mekong, Chang Juang and Huang He (Yellow River). The landscape is
barren and rocky.11
POPULATION DISTRIBUTION
Today, China contains more that one fifth of the world's total population. As the
geography suggests, the population is not evenly distributed, with most of it
centered in the 19 more hospitable provinces along the eastern coast of the
country. The geographic distribution of the population is illustrated in Figure 3.
Encarta Online, p. 2.
10 Encarta Online, p.3.
11 Encarta Online, p. 3.
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While some 80 percent of the population are classified as rural, China has more
than 40 cities with populations that exceed 1 million residents. These cities are
shown in Figure 2. The populations of the nine largest cities according to the
1990 census and an estimation ofwhat that population will be by the year 2000
are shown in Table 2.
Table 2. Population of the Nine Largest Cities in China
City 1990 Population 2000 Population
Shanghai 6.9 million 7.5 million
Beijing 5.7 million 6.0 million
Tianjin 4.8 million 5.3 million
Shenyang 4.2 million 4.7 million
Wuhan 3.2 million 3.5 million
Guangzhou 3.3 million 3.7 million
Harbin 2.6 million 2.9 million
Chongqing 2.3 million 3.0 million
Chengdu 2.3 million 2.6 million
Source: Modecc Developments Limited, "China Distribution Study for Kodak", Consultant's Submission, July 21 , 1995
13
Figure 3. Population Distribution of China
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It is no coincidence that Kodak's largest markets are centered in these nine
cities. While it will be a challenge to move products produced at the three
manufacturing sites in China to these areas of large population, it will be even
more of a challenge to reach the other 80 percent of the population in the rural
areas.
15
3.0 LOGISTICS INFRASTRUCTURE
Compared to other developing countries such as India, Brazil and Mexico, China
has some of the poorest infrastructure in the world.12 Economic growth in China
outstripped freight capacity expansion by a ratio of almost 10:3 in
1996.13
Viable modes of transporting commercial goods include railroads, roads,
waterways and air transport.
RAILROADS
Current Situation
China currently has 55,180 kilometers (34,287 miles) of standard gauge
common carrier railroad lines; 7,174 kilometers (4458 miles) of track are
electrified and 1 1 ,000 kilometers are double
tracked.14 Table 3 compares the
population density, total area and length of common carrier rail lines of several
developed and developing countries, indicating that China has the fewest rail
12Modecc p. 2.
13Russell Barling, "China's Logistics Challenge", CNC Feb. 1, 1997 available at
http://web3.asia.com.sg/timesnet/data/cnc/docs/cnc0264.html
14 USA Immigration Software, "China, Transportation", available at http://www.theodora.com/wfb/china_transportation.html
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miles per population density. Two main north-south lines (Guangzhou to Beijing
and Shanghai to Beijing) have recently been extended to reach Mongolia and
Russia to the northeast. There is only one major east-west line that runs from
Lianyungang to Lanzou.
Table 3. Comparison of Length of Railroads
Population Total Area Population Density Railroad
(Million people) (Million sq. km) (Per sq. km). (Length in km)
53,4000
62,367
87,180
72,546
250,863
China 1,158.00 9.561 121
India 849.64 3.288 258
Russia 148.50 17.100 9
Canada 26.99 9.976 3
US 252.69 9.373 27
Source: Modecc
In the past fifteen years, the percentage of freight moved by rail has fallen from
72 to 54 because of slow speed and inadequate
service.15 Rail capacity
increased 3.3 percent in 1995 compared to a GDP growth of 9 percent.16 While
rail offers low costs because of government subsidies, the low cost has created
16
Yang Zheng, "Will All Iron Roads Lead To Beijing?, China's Rail Network Gets A 3000 Kilometer-A-Year Shot In The
Arm"
TheWorldPaper online, Following Fresh Tracks, October, 1997 available at http://www. Worldpaper.com.html
16 Russell Barling.
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a bottleneck because capacity is not developing as fast as demand. A shipper
must use a central pre-planned booking system to reserve space as many as 30
to 40 days in advance. Using freight forwarders who have reserved bookings on
speculation can cut this time down to less than five days, but it also adds the
cost of using an agent. Priority is given to basic commodities such as coal,
mineral ores, metals, oil, grain and cotton.
Transit times can be very slow and service reliability has been historically poor.
There is no notification of arrival at rail stations, automated wagon tracking or
integrated information technology.17
While there is no data available about the condition of the boxcars and railbeds,
observation suggests that much of the rolling stock is quite old and the condition
of the railbeds and switching yards is not good. From observation, most goods
transported by rail are in boxcars rather the TOFC (trailer on a flat car) or
container cars. In 1993 railroads carried 1.6 billion tons of cargo, but less than
one percent of that was
containerized.18
17 Laurence Alberts and Hugh Randall, "China Logistics: Creating CompetitiveAdvantage", Canadian Association of Logistics
Management available at http://www.canm.org/calm/quarterly/nov96/1q1_pg7.html
18 LaurenceAlberts, p.2
18
There is also no evidence of slack coupling or any type of shock cushioning
provided by the suspension of the cars. Observation indicates that there is very
little blocking or bracing of loads within rail cars, creating conditions ofmoderate
to severe levels of shock and vibration (Figure 4).
While the cost of rail transportation is relatively inexpensive compared to other
methods, the shipping conditions, the time needed for actual shipment plus the
time needed to obtain a booking makes this method of transport best for goods
that are not inherently fragile or perishable and for distances of over 1000
kilometers.19
Future Plans
China's Ministry of Railways recognizes the problems associated with its
railroads and is taking steps to alleviate many of them. It has increased
investment in railroads by 30 per cent in 1998 from 34.9 billion yuan (US$4.2
billion) to 45.0 billion yuan (US$5.4 billion). The Ministry has estimated that the
system will need to handle 200 million more tons of freight between 1996 and
the year 2000, raising its capacity to 2.1 billion tons. It plans to accomplish this
in several ways.
19 Russell Barling, p. 1
19
Figure 4. Typical loading of boxcars
Source: Photograph taken by author
20
In 1998, the Ministry plans to increase the speed of some of it's trains by making
adjustments to the national operation map and making better use of existing
railway resources. It will also channel 8 billion yuan (US $963 million) to import
342 new locomotives, 1 ,635 rail cars and to upgrade track. Improvements are
expected to begin as early as October
1998.20 The speed of trains will be raised
from a current average speed of 48-55 kilometers per hour (kph) to between 140
and 160 kph on three key lines linking Beijing to Guangzhou, Shanghai and
Harbin, a total of 2,000 kilometers.
China's first direct express freight train, running between Guangzhou and
Beijing, was put into service in March 1998. This train offers larger carrying
capacity than cargo rail cars that were attached to passenger trains. The direct
express freight train travels faster, operates at lower costs and is not as
susceptible to disruption by
weather.21
The Ministry plans to construct an additional 8,000 kilometers (5,000 miles) of
track between 1997 and the year 2000, a track-laying schedule of 3,000
kilometers (1,860 miles) per year. The Ministry also plans to modernize existing
facilities and equipment including rolling stock, bridges and signaling equipment.
20 Wan Lixin, Trains Take Faster Track In October", China Daily, April 23, 1998, available at
http://www.chinadaily.net/cndy/history/d2-5sped.d23.html
21 Xiao Pang, "Express Freight Service Offered", China Daily, March 21, 1998, available at
http://www.chinadaily.net/cndy/history/d3-498.c21.html
21
It plans to electrify more of the system, add automation, computerization and
increase the manufacture and assembly of diesel
engines.22
A 206 kilometer (128 mile) section of railway in Yunnan Province opened on
June 16, 1998. It connects Guangdong to the Dali Autonomous Prefecture,
linking seven cities and counties. This is just one section of railway that will
eventually link China with Laos, Myanmar, Thailand and Malaysia. About 20
percent of the railway traverses mountain passes or cuts through tunnels in
rugged terrain. The railway was originally proposed by the British in 1831, but
construction was not pursued because of the size of the project and its difficulty.
In 1919, the Chinese also proposed a similar project, but again it was not
pursued until 1938. Construction was suspended in 1941 because ofWorld
War II, after completing only 35 kilometers. Construction did not resume until
1996.23
Investors from Hong Kong built a railroad that opened in June 1998. It connects
the cities of Jinhua and Wenzhou. Work began in December 1992. The line is
251 kilometers (155 miles) long and passes through five counties and cities in
Zhejiang Province. This trunk railroad is expected to carry products from 28
remote counties and 3 cities in the province and help promote economic
cooperation with neighboring
provinces.24
22
Yang Zheng, p. 1
23 Wu Jiachun, "Yunnan Railway Links Region", China Daily, June 18, 1998, available at
http://www.chinadaily.net/cndy/history/d3-498.fl8.html
24 China Daily,
"Briefs" June 12, 1998, available at http://www.chinadaily.net.cndy/history/d3-a98bf.fl2.html
22
The Chinese central government plans to invest 245 billion yuan (US $29.5
billion) in railway construction in the next five years. By the end of 2002, there
should be 5,340 kilometers (3,300 miles) of new lines and 4,400 kilometers
(2,700 miles) of track will be
electrified.25 This investment will be partially funded
from revenues generated by existing lines and by adjusting rates to raise
additional funds. Foreign loans will also be used to fund railway construction.
More than US$2.5 billion in foreign investments have gone to the development
of railroads in China in the past few years.26
One of the Ministry's plans is to construct a high-speed railway from Shanghai to
Beijing. The plans for the railway are complete and are awaiting approval. The
railway will be built in phases beginning with the first section from Shanghai to
Nanjing in the year 2000. This section of railroad will traverse some of the
country's most developed regions, accounting for 38 percent of its total industrial
output. This section of the high-speed rail line is expected to take 10 years to
complete and will be 1,300 kilometers (800 miles) long, about the same length
as the German and French high-speed rail lines. The track for this line will be
designed for speeds up to 250
kph.27
25 Chen Qide, "High-Speed Railway Line Construction
Scheduled" China Daily, April 1, 1998 , available at
http://www.chinadaily.net/cndy/history/d2-398.d01.html
^CNC, " Investment Boost for Rail", May 1, 1998, available at http://web3.asia.com.sg/timesnet/data/cnc/docs/cnc0370.html
27 Chen Qide
23
A small railway company in Guangdong Province has been negotiating with
companies in Japan and Hong Kong since 1996 for a 30 percent stake each in a
proposed railway. It is not knowwhether the negotiations were successful, but if
agreement was reached, this will be the first direct investment by a foreign entity
in the China railway
system.28
China is looking even further to the future as outlined in the "White Paper on
Science and Technology" which was updated by the Ministry of Science and
Technology in April, 1998. The document outlined projects from the Ninth Five-
Year Plan period (1996-2000) to 2010. Among many other projects outlined in
the paper, scientists will concentrate on developing high-speed passenger
trains, heavy-duty transport and computerized management systems for the
country's overloaded railway system
HIGHWAYS
Current situation
Since 1949, roads and highways in China have grown from about 80,000
kilometers (50,000 miles). These roads initially only provided connections
between the coastal ports and their immediate
surroundings.29 In 1990, China
had about 1,029,000 kilometers (64,000 miles) of roads but only about 16
28 Clear Thinking Construction Newsletter, "Railway Firm in Guangdong gets Direct Foreign Investment", October, 1996,
available at http:/www.clearthinking.com/arch/infra10-96.htm
29 Encarta Online, p.23
24
percent of them were paved.30 Roads now connect Beijing to the capitals of all
the provinces and autonomous regions, major ports and rail centers. This
network of roads extends well into the rural areas, making most of them
accessible by motor vehicles.31Most of these roads are two lanes wide, poorly
maintained and traverse rough terrain.
Future plans
The Chinese government has announced development policies and plans that
include the construction of 35,000 kilometers (22,000 miles) of state trunk
highways by 2020. The plans call for building five north-south and seven east-
west corridors that will link major cities, industrial centers, communication hubs
and ports all over China. By the year 2000, 17,500 kilometers of motorways
should be constructed or improved.32
In 1998, the Chinese government plans to increase its spending by 40 billion-
yuan (US$4.8 billion) on road construction to a total of 160 billion yuan. A little
over 50 percent will be used for key road projects, 30 percent will be used to
improve existing highway networks and hubs and the remainder will be used for
roads in rural and poor areas. The government plans to reach the goals stated
for highway development in the Ninth Five-Year Plan (1996-2000) two years
ahead of
schedule.33Like the other infrastructure sectors in the country, road
30 CIA Factbook; www.ess.co at/GAIA/CIA/factbook/descriptions/China_Communication.html
31 Encarta Online, p. 23
32 ITE Up to Date, "Transportation Updates from Washington and Around theWorld", April 1996 available at
http://www. 10.com/hehq/up_0496.htm
33 China Daily "Briefs", May 30, 1998 available at http://www.chinadaily.net/cndy/history/d2-a98bf.e30.html
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building and maintenance has been hampered by lack of funding. The
government has launched major efforts to raise funds for highway construction.
It will implement aggressive investment strategies that include foreign loans,
joint ventures, construction bonds and creation of shareholder companies. The
government will implement competitive bidding for foreign-funded projects and
improve construction supervisory regulations. It will leverage scientific and
technological advances in construction, operation and maintenance of its roads.
It will train and educate transportation professionals to ensure high caliber
leadership and the skill to carry out the government plans. The government will
also encourage technical exchanges with international transport professionals
and organizations to promote greater understanding of its highway development
challenges and
opportunities.34
The Ministry of Communication-owned China Road and Bridge Corporation has
signed an agreement with officials in Great Britain to use technical standards
developed by Britain's Highway Agency as a standard for all of China's future
roads and
bridges.35
The World Bank has approved four loans to China totaling US$600 million to
improve transportation conditions in four provinces. While some of the money
will go to reconstruct roads in Hebei province which was hit by earthquakes early
in 1998, the largest portion will go to fund one of four highway projects in an
34 ITE Home Page
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expressway corridor from Hebei in the central part of the country to Guangdong
in the south.36
Vehicles
The development of more roads will not completely solve the problem ofmoving
goods across China. While the movement of goods in containers that are
powered by tractors from port cities to their destinations is increasing, most
goods are moved by many other types of vehicles. Most typical are open-
backed, tarpaulin-covered trucks of varying size which offer little protection for
goods.37 From observation, these vehicles are poorly maintained. Figure 5 is a
photograph taken by the author of a typical large truck.
There are no large trucking companies that ship goods to all parts of the country.
Shippers need to contract with government-owned agencies, often the People's
Liberation Army (PLA). Shipping products within the developed Southeast
corridor is relatively easy. However, when it is necessary to move products into
more remote areas, other means of shipment need to be engaged. One of those
options frequently used is to put shipments on the long distance buses that
cover most of the country. Commercial shipments are placed on top of the bus
and covered with a tarpaulin, exposing them to the elements for the duration of
the trip. Figure 6 is a photograph of a load of product on the top of such a bus.
35 Clear Thinking, October, 1996, p. 4
36 Xu Binglan, "World Bank Approves US$600m in 4 Loans", China Daily, June 2, 1998, available at
http://www.chinadaily.net/cndy/histor/d5-798.f02.html
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Figure 5. Typical large truck
Source: Photograph taken by author
37 Canadian Association of Logistics Management, p.2
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Figure 6. Shipment loaded on long distance bus
Source: Photograph by author
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Because of traffic congestion and old, narrow streets, most major cities have
restrictions on the size of vehicle that can enter. Smaller trucks must be used to
deliver goods within city
limits.38 The vehicles could range from soft-sided 30-ft
trucks, small vans, motorcycles, bicycles, pushcarts or pedicabs. Figures 7, 8
and 9 are photographs of these types of vehicles.
There are about 40 million motor vehicles in China, the annual growth rate has
been about 13 percent for the past five years, while road miles have increased
by 2.5 percent each year during the same period. Beijing's 1 .2 million motor
vehicles are the most in the country, Guangzhou has 1 million and Shanghai and
Tianjin have nearly 700,000 each. About 223,000 additional motor vehicles
were added to Beijing's streets last year.39While China has only eight vehicles
per 1 ,000 people and the US has 750 vehicles per 1000 people,40China had the
highest traffic-related death toll in the world in 1997. There were 304,217
accidents, 5.7 percent higher than the previous year resulting in 73,861
deaths.41 While many of the accidents involved passenger vehicles, it stands
to reason that some of them involved commercial transport vehicles, damaging
the goods they were carrying.
38 Russell Barling
39 Hong Xian, "Saving More Lives On The Roads. Plan Set To Curb Traffic
Accidents" China Daily, March 22, 1998, available
at http://www.chinadaily.net/cndy/history/d2-298.d22.html
40 World Resources Institute, "Proceed with Caution: Growth in the Global Motor Vehicle Fleet", available at
http://www.igc.org/wri/wr98-99/auto.html
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Figure 7. Typical small trucks
Source: Photographs by author
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Figure 8. Other types of vehicles
Source: Photographs by author
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Figure 9. Other types of delivery methods
Source: Photographs by author
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WATERWAYS
Current Situation
With over 18,000 kilometers (11,000 miles) of coastline and 109,800 kilometers
(68,000 miles) of navigable inland waterways, water borne transportation plays
an important role in moving goods in China. More than one-fifth of all goods
shipped in China are moved by
water.42
Most of China's 50,000 rivers flow from west to east to empty into the Pacific
Ocean. At 6,300 kilometers (4,000 miles) long, the Yangtze River is China's
longest and the fourth longest in the world. About 18,000 kilometers (1 1 ,000
miles) of the river and its tributaries can be traveled by steamer. Chongqing,
Yichang and Wuhan are its major
ports.43 The Yangtze is the dividing line
between north and south in China.
The Huanghe or Yellow River in the north of China is 5,464 kilometers (3,400
miles) long and is considered to be the birthplace of ancient Chinese civilization.
It is China's second most important navigable river.
The Zhu Jiang or Pearl River in the south of China, runs from Guangxi-Zhuang
Autonomous Region to Guangdong and Hong Kong and is China's third most
important river.
! Encarta Online, p.24
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The Grand Canal, which extends 1,794 kilometers (1,100 miles) from Beijing to
Hangzhou, is the country's busiest inland waterway. The southern part of the
canal connects with local systems of canals and lakes that make the inland cities
of Suzhou, Wuxi and Changzhou important ports.44 Construction of the Grand
Canal began in the Fifth Century BC.
China's ports handled nearly 1.3 billion tons of freight in 1997. China has more
than 2,000 ports that handled volumes greater than 10,000 tons. Table 4 lists
China's ten largest seaports and their throughput in 1996. The location of most
of China's important industrial cities along its east cost has made coastal
shipping an important mode of
transportation.45
Future Plans
"The Yangtze is a raw, uncontrolled and sometimes destructive
river..."46 In
1994, China began a controversial project to build the largest hydroelectric dam
in the world at Three Gorges. The dam will be 2100 meters (nearly one mile)
wide and 183 meters (600 feet) tall. Besides generating hydroelectric power and
43 Encarta Online p. 24
44 Encarta Online p. 24
45 Wan Lixin, "Amid Fierce Global Competition Shipping Sector Sailing Steadily", China Daily, May 26, 1998, available at
http://www.chinadaily.net/cndy/history/d2-198.e26.html
46
Terry McCarthy, The Pulse of China", Time Magazine, June 29, 1998
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Table 4. China's Ten Largest Seaports by Volume
Port Throughput in 1996
(x1 0,000 ton)
Shanghai 197.00
Tianjin 82.25
Qingdao 81.00
Guangzhou 54.70
Dalian 41.60
Xiamen 40.01
Yantian 30.00
Zhuhai 26.87
Zhongshan 21.80
Ningbo 22.60
Source: OOCL, "Presentation for Eastman Kodak Company", July 15, 1997
controlling flooding, the dam will provide safer navigation to ships and make the
major industrial city of Chongqing accessible to ocean-going vessels. Some
sources estimate that the project will reduce shipping costs by 35 percent and
make Chongqing the world's largest seaport. The project will take twenty years
to complete and cost over US$7.2 billion.
Like many of China's large projects, funding has come from outside the country.
France, Switzerland and Canada have all contributed to financing. US
companies are noticeably absent from The Three Gorges Project. The US
36
Export-Import Bank has refused to provide loans because of environmental
concerns created by the 350-mile reservoir that will be created and the
subsequent need to relocate 1 .2 million people.47
As part of the World Bank's US$600 million loan granted to China in 1998,
Guangdong and Jiangsu Province in East China will receive US$123 million to
upgrade its inland waterway network. This network carries the largest share of
freight traffic in the country.48
China has committed US$6 billion through the year 2000 to improve Shanghais'
seaport. Work is underway on a ten-year, US$900 million project to dredge and
deepen the mouth of the Yangtze River. The project will enable ocean-going
vessels to sail up the river 725 kilometers (450 miles) to Wuhan. Similar
projects are underway in the Pearl River delta near the Shenzhen border with
Hong
Kong.49
China Shipping (Group) Co. has recently established a tramp fleet. Unlike
regular cargo ships, tramp freighters travel to various destinations on demand
rather than a set schedule. The tramp fleet will transport bulk cargo along
China's coastal
region.50
47 China Report, "Three Gorges Dam Project; the Biggest Dam in theWorld will Tame theYangtze", available at
http://www.chinareport.com/3grg.html
48 Xu Binglan
49 LaurenceAlberts, p. 2
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The same company has reached an agreement with railway authorities in
several port cities in Northeast China to develop an integrated sea-railway
transportation business. The company will supply two container ships with
capacity of 1 ,034 TEU (Twenty-foot Equivalent Units) each and the railway
authorities will arrange special trains. The company hopes that intermodal
transportation will make deliveries faster and more convenient as well as
reducing shipping damage and
costs.51
Vessels
Types of vessels used for domestic water transport include tankers, cargo, bulk,
passenger-cargo and container
ships.52 On inland waterways, self-propelled
feeders, which have a capacity of 50-100 TEU, are used as well as barges.
Barges require two or three tugs to pull them, but have a higher capacity
53
AIRFREIGHT
Current Situation
In 1994, China had 85 airports with runways longer than 3,047 meters (10,000
feet). These are considered major airports, which can handle large aircraft.
There were additional 90 airports with runways between 1 ,524 meters (5000
50 Zhan Lisheng, "New Tramp Fleet Set To Roam 7 Seas", China Daily, May 29, 1998, available at
http://www.chinadaily.net/cndy/history/d5-298.e29.html
51 Zhan Lisheng, "Integrated Sea-Railway Link Saves Costs, Time", China Daily, June 1, 1998, available at
http://www.chinadaily.net/cndy/history/d5-198.f01.html
52 USA Immigration Software, "China,
Transportation"
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feet) and 3,047 meters. These are considered small airports that can handle
only smaller commercial
aircraft.54 In 1997, about 56.3 million passengers
traveled by air and the number is expected to grow to 61 million in 1998.55
About 70 percent of all air freight and air express services are carried by
passenger aircraft. This arrangement puts restrictions on the weight and size of
packages that can be shipped. The Civil Aviation Administration of China
(CAAC), which controls all of China's aviation industry, expects to increase
airfreight turnover by 9.6 percent in 1998 to 9.5 billion ton-kilometers and volume
to grow by 10.7 percent to reach 1 .38 million tons.56
International express-delivery companies operating in China include DHL, EMS,
Airborne Express and Federal Express. Federal Express (FedEx) began
business by partnering with a Chinese forwarder, EAS International
Transportation Ltd. (EAS), thirteen years ago with seven employees and a
bicycle. FedEx's pickup and delivery service has grown to 97 cities across
China. The company directly hires people for its representative offices. These
clerks are trained to FedEx's standards. They in turn transfer the technology
and practices to local agents not employed directly by FedEx. The company
must rely on forwarders such as EAS to move express mail around the country
on domestic commercial flights. FedEx does not hold rights to fly into or out of
the country nor can it operate its own fleet within the country. The relationship
" AN Aitken
54 World Fact Book on China
55 Zhao Huanxin, "Major Expansion For Civil Aviation Sector", China Daily, available at
http://www.chinadaily.net/cndy/history/d5-998.c26.html
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with EAS was recently terminated because FedEx felt that it needed additional
partners throughout China in order to expand its business. It also felt that EAS
had not adopted the FedEx standards.57
Future Plans
As with other areas of infrastructure, China realizes that it must invest in its air
transport industry in order to reach its economic goals. The CAAC announced it
would invest 17.9 billion yuan (US$2.2 billion) in the civil aviation sector in 1998,
14 percent more than the 1997 investment. Significant improvements were
made to airports at ten large and medium sized cities throughout China last year.
Key projects in 1998 include expansion at airports in the major cities of Beijing,
Shanghai, Guangzhou and Hangzhou.58
In order to finance the debt ridden airport industry, the CAAC is considering the
adoption of share holding systems and foreign joint ventures with foreign
investment not to exceed 49 percent of capital. The airport atWuhan will be the
first to have a joint venture management team and the airports at Beijing and
Guangzhou will be listed on overseas stock markets. Four other airports are
listed on stock exchanges. They have earned several billion yuan to use for
expansion and renovation since their
listing.59
56 Zhao Huanxin
57 Shen Bin, "Express Delivery Services PartWays", China Daily, June 2, 1998, available at
http://www.chinadaily.net/cndy/history/d5-198.f02.html
58 Zhao Huanxin
59 Xinhua, "Airport Reform Is Underway", China Daily, March 31, 1998,available at http://www.chinadaily.net/cndy/history/d2-
198c31.html
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China is attempting to build 41 additional major airports by the year 2000,
reaching a total of 170 airports by 2010. Air traffic growth in China is expected
to increase 9.5 percent per year compared to a world total growth of 4.9 percent.
The air freight industry in China grew 1 1 percent in 1997 and is expected to
grow 10 percent each year through 2010. Domestic routes are expected to
generate revenue of 10 billion ton-kilometers in 1998.
China Eastern Airlines has formed a joint venture with China Ocean Shipping
Company (COSCO) to form an all-cargo airline. China Eastern will own 70
percent of the new venture. It will divert all its existing cargo business to the
new company, buying belly space from its passenger division.
60
Aircraft
The aircraft industry estimates that China will have the highest air travel growth
in the world in the next 20 years. It estimates that China will add 1 ,800 of the
world's total of 17,650 jets in the next two decades.
61 China Eastern currently
owns one MD-1 1 freight airplane, but by 2016 Chinese airlines are expected to
operate 128
air-freighters.62
60 Ali Aitken, "COSCO Take To The Skies", CAN, June 8, 1998, available at
http://www.web3.asia1.com.sg/timesnet/data/can/docs/cna3560.html
81 Shen Lao, "China's Skies To Be Friendliest For Airplane Market", China Daily, June 23, 1998, available at
http://www.chinadaily.net/cndy/history/d5-298.t23.html
82 Ali Aitken
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4.0 COMPARISON OF MODES OF TRANSPORTATION
A number of factors need to be considered when choosing a method to transport
products. These factors can include delivery time, total cost, volume, weight and
fragility of the material to be moved as well as convenience of loading and
unloading the material. Table 5 compares five different methods of
transportation for a shipment of paperboard cores. The cores are to be shipped
from the manufacturer in Shanghai to the user in Xiamen. Two trucking
companies, two-ocean shipping companies and one railroad were used in the
comparison.
When making the decision on which transportation method to use, several things
can be noted from Table 5 that might not be obvious to a transportation expert
familiar with shipping products in a country with a more developed infrastructure.
Depending on the season, shipping times can vary widely. Heavy rains often
disrupt truck and rail routes. The typhoon season (July through September) can
have severe effects on ocean shipping. Spring and summer are hot and humid
along the East Coast of China with temperatures often exceeding
30 C (86 F)
with humidity in the 90 percent range. If a product, such as the paperboard
cores that were the subject of this study, is sensitive to moisture, the fastest
method given the season would be the best choice.
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The size and configuration of the truck or container can also be a factor. Many
older factories in China do not have loading docks. Forklifts may be able to
place palletized loads into side loading trucks if both sides are accessible. It is
often very difficult to load back-loaded containers with palletized goods because
a forktruck can not enter the container at the height of the truck bed. In that
case, goods would need to be hand stowed.
Older factories are often in sections of cities with narrow streets and access by
40-foot container trucks may be impossible. Roads within the older factories
may be too narrow for large container trucks to navigate even if they can reach
the factory. Often 20-foot containers or smaller trucks are the only option.
As a result of the analysis of the information in Table 5, both companies agreed
to use 40-foot container trucks in the summer since both factories could
accommodate them. Containerized ocean shipping will be used for the balance
of the year since it offers the best price. The companies also agreed not to use
pallets because of the difficulty in loading the container and the added expense
of the pallets.
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5.0 PHOTOGRAPHIC PRODUCT FRAGILITY
While photographic products are susceptible to damage from vibration, heat and
moisture, shock causes the most damage. Shock caused by dropping the
product has been the focus of most of the studies done in the recent past by
people at Kodak. The types of product damage are summarized in Table 6. The
Package Engineering and Graphic Design Department has conducted extensive
studies of the Less-Than-Truckload (LTL) shipping environments in the United
States, Western Europe and Australia. Figure 10 depicts is an estimation of
what the distribution cycle and transportation modes for Kodak products
manufactured and sold in China will be. Since it is likely that most of the Kodak
product shipped in China will have several legs of its distribution cycle as LTL
type shipping, previous Kodak studies are relevant. The results of the studies
are summarized in Table 7.
For packages weighing between ten and fifty pounds, the distribution process
has a greater affect on drop height than does package
weight.63This
conclusion goes against the current thinking on the relationship of drop height to
package weight. That thinking states that the lighter the package, the greater
the probability that it will be dropped from a greater height. Mr. Appleton's study
Donald J. Appleton, p.43
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Table 6 Types of Product Damage
Location of damage Cause of damage Type of damage
Package
Package
Package
Vibration
Shock
Shock
Consequence
Scratches on exterior, no Customer may not buy product because of
damage to product cosmetic damage to the package
Dented or broken exterior, Customer may not accept product because
no damage to product of apparent damage
Dented or broken exterior, Customer is alerted to potential damage of
damage to product product by appearance of package
Product Vibration No damage to exterior
package, interior of
package abraded
Customer not alerted to potential product
damage. Dirt inside the package could have
an effect on customer images.
Product Shock No damage to exterior
package, damage to
interior packaging and
product
Customer might not be alerted to product
damage, but damage could have an effect on
customer images
Product Shock No apparent damage to
exterior or interior
packaging, damage to
product
Customerwould not be alerted to product
damage, but damagewould have a an effect
on customer images
Product Shock No damage to any part of
package, product
component damaged,
image area not damaged
Product not usable with interfacing
equipment.
Product Heat and humidity No apparent damage to
packaging or product
Damage to customer images
Source. Table developed by author
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also supports Mr. Pierces' observations that Focused Simulation Package
Handling tests should be based on number of drops and drop height with no
consideration of package
weight.64Since all the products manufactured by
Kodak in China will be within the weight range of those studied previously, it is
therefore a valid assumption that conclusions drawn in earlier studies also apply
in China.
64 Stephen R. Pierce, "Package Handling in Less-Than-Truckload Shipments Worldwide: Focused
Simulation Measurement
and Test
Development"
, date unknown
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Figure 10. Product Distribution Cycle
Factory
(3)
Distribution
Warehouses
(as many as 10)
Small
Independent
Retailers
Large Independent
Retailers
Other
Customers
Source: Developed by author
Table 7. Methods of Product Shipment
Product movement Type of load Type of Vehicle
Factory to warehouse Full trucks, hand stowed 20 or 40-ft container truck, ship or rail
Small or large open truck
Warehouse to end user LTL, hand stowed Small open truck
Long distance bus
Rail car
Motorcycle
Bicycle
Pedicab
Source: Developed by author
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Table 8. Drop Heights from Other Studies
Country Mean Median Mode
Australia 7" 5.7" 6"
Europe 5.5" 3.3" 2.5"
United States 13.8" 11" 8"
Total 10.8" 8" 8"
Source: Stephen R. Pierce
Table 9 Drops per Trip from Other Studies
Country Mean Median Mode
Australia 8 7.5 8
Europe 7.2 7 9
United States 7 6 8
Total 7 7 4
Source: Stephen R. Pierce
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6.0 CONCLUSIONS AND RECOMMENDATIONS
CONCLUSIONS
From observation of the way goods are transported in China and examination of
the size, geography and transportation infrastructure of the country, it is possible
to draw some conclusions about the way that products are likely to be handled.
Products that are going to the major cities along the East Coast will probably
travel in full truckloads that will be hand stowed. When they reach a distribution
warehouse, they will be manually put in storage locations. They will then be
manually loaded onto a variety of vehicles for delivery to their final destinations.
The trip to the final destination could be severe if that destination is any of the
smaller cities in the Central orWestern part of the country because of the lack of
infrastructure and rugged terrain in those areas. The many manual-handling
steps provide an opportunity for the product to be dropped.
The likelihood that products will be shipped by rail in individual shipping cases is
very high. The manual handling, as well as the lack of blocking and bracing in
the rail car are indications that these products are likely to receive shock levels
or drops heights greater than those seen in previous Kodak studies.
50
Products that are shipped on the top of long distance buses are likely thrown
while being loaded and unloaded. It is not unlikely that a package could be
dropped from a significant height as a result.
These conclusions would indicate that the distribution cycle in China is
substantially different from the ones previously studied by Kodak, making the
potential for damage from shock higher, thus proving the hypothesis of this
study.
Discussions with Kodak marketing people substantiate this conclusion.
Products being supplied from other Kodak operations in the US, Europe and
Australia in packaging that has proven adequate in their home markets are
sustaining unacceptable levels of damage in the China market. Packaging that
is being designed for products manufactured in China will add more cushioning
where possible, use higher strength corrugated shipping cases and in some
instances, multiple cases of products will be put into over-cases for added
protection.
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RECOMMENDATIONS FOR FURTHER STUDY
Studies like those done for evaluation of the distribution n environments in the
United States, Europe and Australia need to be conducted in China.
Appropriate laboratory test protocols need to be developed from the data. The
product-package combinations currently being designed need to be tested using
those test protocols in order to assure that the most cost effective package is
being used to provide appropriate levels of protection.
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